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Description 
Technical Held 

s This invention relates to a hollow fber membrane module and a filtration method using this module. Mae particu- 
larly, it relates to a hollow fiber membrane module suitable for the filtration of highly polluted liquids (in particular, liquids 
polluted with organic matter), and a filtration method using such a module. 

Background Art 

10 

Conventionally, hollow fiber membrane modules have been widely used in the field of so-called precision filtration 
applications including, for example, the preparation of sterile water, drinking water and high-purity water and the purifi- 
cation of air. In recent years, various attempts are being made to use hollow fber membrane modules in highly polluted 
liquid treatment applications including, for example, secondary and tertiary treatments in sewage disposal plants, solid- 
is liquid separation in night soil clarification tanks, separation of suspended solids (SS) from industrial waste water, direct 
filtration of river water in water purification plants, filtration of tap water for industrial use, and filtration of pool water. 

However, most hollow fber membrane modules used in these applications are of a cylindrical type which comprises 
a bundle of hollow fibers arranged in a circle or concentric circles and has conventionally been used in the field of pre- 
cision filtration applications. Moreover, even where improvements are made in such hollow fber membrane modules, 
20 they often comprise a mere modification of the packing density or packing form of hollow fibers. 

When such a prior art hollow fiber membrane module is used for the treatment of highly polluted liquid (for example, 
SS £ 50 ppm, TOC £ 100 ppm), the hollow fbers cohere (or stick) together into a mass through the mecfium of the 
deposits (such as organic matter) accumulated on the membrane surfaces of the hollow fbers during use. As a result, 
the effective membrane surface area of the hollow fibers within the module is reduced to cause a rapid decrease in f il- 
25 tering flow rate. This phenomenon tends to occur especially in the hollow fbers located in the central part of cylindrical 
modules, and becomes more conspicuous with large-sized ones. 

Although such a hollow fber membrane module is periodically subjected to membrane surface cleaning or back 
washing, it is not easy to restore the function of the module whose hollow fibers have once cohered together into a 
mass, thus indicating a reduction in cleaning efficiency. 

30 

Disclosure of the Invention 

It is an object of the present invention to provide a hollow fber membrane module which, even when used for the 
filtration of highly polluted liquid, the hollow fibers contained in the module rarely cohere together into a mass, and the 
35 membrane surfaces of the hollow fibers can be efficiently cleaned concurrently with the filtration, so that the loss of the 
filtering function is minimized. 

It is another object of the present invention to provide a hollow fber membrane module which can be efficiently pro- 
duced on an industrial scale. 

According to one aspect of the present invention, there is provided a hollow fber membrane module comprising the 
40 features as defined in claim 1 , with preferred features as defined in the dependent claims. 

According to another aspect of the present invention, there is provided a filtration method which comprises the fea- 
tures as defined in claim 7, with preferred features as defined in the dependent claims. 

Brief Description Qf the Drawings 

45 

Fig. 1 is a perspective view illustrating one embodiment of a hollow fber membrane module which does not fall 
within the scope of the present invention; 

Fig. 2 is a partially cutaway perspective view illustrating another embodiment of a hollow fber membrane module 
which does not fall within the scope of the present invention; 
so Fig. 3 is a plan view illustrating a knitted hollow fber fabric for use in the fabrication of hollow fber membrane mod- 
ules in accordance with the present invention; 

Fig. 4 is a perspective view illustrating an embodiment of the hollow fber membrane module of the present inven- 
tion; 

Fig. 5 is a perspective view illustrating a further embodiment of the hollow fiber membrane module of the present 
55 invention; 

Fig. 6 is a perspective view illustrating the hollow fber membrane module of Fig. 5 in which the distance between 
the structural members is reduced; 

Fig. 7 is a diagram illustrating a flow system in which a hollow fber membrane module which does not fall within 
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the scope of the present invention was used, for th sake of comparison, for the treatment of waste water; 

Fig. 8 is a graph showing the results of measur merit of the f fltering flow rate of the hollow fiber membrane module 

used for the treatment of waste water in th f tow syst m of Fig. 7; 

Fig. 9 is a perspective view illustrating the prior art cylindrical module used in Comparative Example 2; 
5 Fig. 1 0 is a graph showing the results of measurement of the filtering flow rate of the hollow fiber membrane module 
used in Comparative Example 2; and 

Fig. 11 is a diagram illustrating a flow system in which the test of Comparative Example 3 was carried out. 
Best Mode for Carrying Out the Invention 

10 

As illustrated in Figs. 1 and 2, a hollow fiber membrane module, which does not fall within the scope of the present 
invention, is basically composed of a structural member 1 , a fastening member 2 and hollow fibers 3. 

The structural member 1 functions as a member for supporting the entire hollow ftoer membrane module and has 
an aperture shaped like an elongated rectangle. It may be formed of any material that has adequate mechanical 

is strength and durability, and useful examples thereof include polycarbonate, poJysulfones, polypropylene, acrylic resins, 
ABS resins and modified PPE resins, ft the structural member 1 is to be incinerated after use, it is preferable to use as 
its material a hydrocarbon resin which can be burned out without producing toxic gases. 

The aperture of the structural member 1 , in which a fastening member 2 is filled and secured together with the hol- 
low fibers, should be such that the cross-section of the fastening member 2 perpendicular to the hollow f toers is shaped 

20 like an elongated rectangle. The short dimension of this rectangle is preferably 30 mm or less and more preferably 1 5 
mm or less. Thus, by spreading the hollow fibers in the form of a flat sheet, it is possible to prevent the whole bundle of 
hollow fibers from cohering together into a rodlike mass and thereby showing a rapid reduction in the effective mem- 
. brane surface area of the hollow fibers. Even if the hollow fibers cohere together, the resulting mass of the hollow fibers 
has a small thickness and the hollow fibers are arranged in a sheet-like manner, the consolidated hollow fibers can be 

25 easily separated according to the aforementioned techniques. No particular limitation is placed on the long dimension 
of the rectangle. However, If it is too small, the number of hollow f toers which can be contained within the hollow fiber 
membrane module is undesirably decreased, and if it is too large, difficulties are encountered in fabricating the hollow 
fiber membrane module. The long dimension of the rectangle is usually 100 to 2000 mm. 

The fastening member 2. which is filled and secured in the aperture of the structural member 1 . serves to bundle 

30 and fix the ends of a large number of U-shaped hollow fibers 3 while leaving them open, and functions as a liquid-tight 
partitioning member for separating the water to be treated from the treated water. Trie fastening member 2 is usually 
formed by curing any of various liquid resins such as epoxy resins, unsaturated polyester resins and polyurethanes. 

As the hollow fibers 3, there can be used various types of hollow fibers. Useful examples thereof include hollow f to- 
ers formed of various materials based on cellulose, polyolefins, polyvinyl alcohol, PMMA, polysuHbnes and the like. 

35 However, hollow f bers formed of high-strength and high-elongation materials such as polyethylene and polypropylene 
are preferred because they can be easily made into knitted fabrics. No particular limitation is placed on the pore size, 
porosity, membrane thickness and outer diameter of the hollow fibers used, so long as they serve as a filtering mem- 
brane. However, in consideration of the objects to be removed, the membrane area per unit volume, and the strength 
of the hollow fibers, it is preferable to use hollow fibers having a pore size of 0.01-1 um, a porosity of 20-90%, a mem- 

40 brane thickness of 5-300 jim and an outer diameter of 20-2,000 um. Where it is desired to remove bacteria, it is essen- 
tial that the pore size be not greater than 0.2 pm. Where it is desired to remove organic matter and viruses, ultrafiltration 
membranes having a fractionating molecular weight ranging from several tens of thousands to several hundreds of 
thousands may be used. 

As regards the surface properties of the hollow fibers, they are preferably formed of a so-called permanently 
45 hydrophilized membrane having hydrophilic groups or the like in the surfaces thereof. In the case of hollow fibers having 
hydrophobic surfaces, the hydrophobic interaction occurring between the organic matter present in the water to be 
treated and the membrane surfaces of the hollow fibers causes the organic matter to be adsorbed to the membrane sur- 
faces, leading to a blockage of the membrane surfaces and a shortening of the filtering life. Moreover, when the hollow 
fibers have been clogged as a result of adsorption, it is generally difficult to restore their filtering function by cleaning 
so the membrane surfaces. The use of permanently hydrophilized hollow fibers, suppresses the hydrophobic interaction 
between organic matter and the membrane surfaces of the hollow fibers and thereby minimize the adsorption of organic 
matter. 

When hollow fibers formed of a hydrophobic membrane are used after being temporarily (or non-permanently) 
hydrophilized with ethanol or a surfactant, their membrane surfaces may be dried as a result of cleaning by air bubbling 
55 or the like. Since the membrane surfaces of the hydrophobic hollow fibers consist of the hydrophobic substrate itself, 
they lose hydrophilicity after being once dried, and require the above-described hydrophilizing treatment in order to 
hydrophilize them again. Accordingly, where filtration combined with air bubbling cleaning (air scrubbing deaning)is car- 
ried out for a long period of time, the portions incapable of participating in filtration increase gradually, resulting in 
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reduced filtering efficiency. 

In ad r to prepare perman ntly hydrophilized h How ftoers, there may employed any of various w ll-known proc- 
esses. For example, th y may be prepared by forming hollow ftoers of a hydrophilic polymer such as polyvinyl alcohol, 
or by hydrophilizing the surfaces of hollow fibers formed of a hydrophobic polymer. Where hydrophobic hollow fibers are 
s hydrophilized by depositing a hydrophilic polymer on the membrane surfaces thereof, examples of useful hydrophilic 
polymers include a saponification product of an ethylene^vinyi acetate copolymer, and polyvinyl pyrrolidone. 

Another process for hydrophilizing the membrane surfaces of hydrophobic hollow ftoers comprises polymerizing a 
hydrophilic monomer on the membrane surfaces. The monomers useful for this purpose include, for example, diacetone 
acrylamide. Still another process comprises spinning a Wend of a hydrophobic polymer (such as a polyolef in) and a 
10 hydrophilic polymer to form hollow fibers. Trie hydrophilic polymers useful for this purpose are the same as enumerated 

above. . . 

In order to insert the hollow fibers 3 into the elongated rectangular aperture of the structural member 1 , it is prefer- 
able to use a single piece, or a stack of several pieces, of knitted fabric containing hollow ftoers as the weft (cf. Fig. 3). 
In the case of prior art cylindrical modules, no difficulty has been encountered in inserting a bundle of reeled hollow f to- 
rs ers into a cylindrical structural member. However, it is difficult to insert reeled hollow ftoers into the elongated rectangu- 
lar aperture of the structural member 1 . Nevertheless, a knitted fabric can be easily inserted thereinto. In constructing 
a stack of several pieces of knitted fabric, two or more knitted hollow fiber fabrics having different properties may be 
used. For example, where a hollow fiber membrane module is fabricated by using a stack sandwiched between outer 
layers of knitted fabric formed of hydrophobic hollow f bers, these outer layers can be utilized as a means for supplying 
20 air bubbles in back washing. 

Where a knitted hollow fiber fabric using a yarn composed of 10 hollow fabric as the weft is inserted into the struc- 
tural member and fixed thereto, all hollow ftoers forming each weft yarn constitutes a sub-bundle and the number of hol- 
low ftoers contained in each sub-bundle is 10. 

Although no particular limitation is placed on the method for fabricating the hollow fiber membrane module of the 
25 present invention, it is prelerably fabricated according to the following procedure. First of all, a knitted fabric as illus- 
trated in Fig. 3 is made by using hollow fibers as the weft and an ordinary yarn as the warp. (Alternatively, a woven fabric 
is made when the weft yarn is composed of a single hollow f toer instead of a plurality of hollow fibers.) The ordinary yarn 
used as the warp may comprise any of the yarns used as the warp in common knitted fabrics and woven fabrics. How- 
ever, it is preferable that the warp yarn is not so hard as to damage the hollow f toers during manufacture and handling 
30 of the knitted fabric. In practice, multifilament yarns, spun yarns and finished yarns are preferably used. No particular 
limitation is placed on the material thereof, and any of commonly used materials such as polyesters, nylon and vinylon 
can be used. Methods of making knitted fabrics are disclosed, for example, in Japanese Patent Laid-open Nos. 
STSesra? and 266258/ , 89. The resulting knitted fabric in sheet form is cut in suitable lengths, and a single piece or a 
stack of several pieces. As used herein, the term "stack" also comprehends a sheet of knitted fabric folded to a suitable 
35 length instead of being cut Although the number of layers in the stacked or folded knitted fabric may vary according to 
the thickness of the knitted fabric (i.e., the thickness of the hollow fibers and the number of hollow fibers constituting 
each weft yarn), it is usually about 5 or less. The number of layers is preferably chosen so as to meet the above- 
described requirement concerning the short dimension of the rectangular cross-section of the fastening member. One 
end of this stacked knitted fabric is inserted into the elongated rectangular aperture of the structural member. Then, the 
40 portions contained in the structural member is fixed by filling a liquid resin into the aperture thereof and curing it (this 
process is hereinafter referred to as "potting"). Thereafter, the cured resin is cut so as to expose the open ends of the 
hollow fibers. Alternatively, as described previously, a piece of knitted fabric containing hollow ftoers as the weft may be 
folded narrowly in a zigzag manner, and one end of this folded knitted fabric may be inserted into the aperture of the 
structural member. 

45 Although the warp yarns of the knitted fabric are generally present only at the opposite ends of the hollow ftoers 
constituting the weft, they may be present in the intermediate part of the weft at regular intervals. In the case of modules 
having no warp yarn in the intermediate part of the weft, uniform dispersion of the hollow fibers may not be maintained 
when the hollow f bers are cleaned by a water current or by air bubbling. In modules having warp yarns in the interme- 
diate part of the weft, uniform dispersion of the hollow ftoers can be effectively maintained under such conditions. 

so In the fabrication of hollow fiber membrane modules, a method utilizing centrifugal force is generally employed to 
fill a liquid resin between the hollow fibers without leaving any space. However, where the hollow ftoers are to be potted 
within a structural member having an elongated rectangular aperture, a large-sized bucket or other tod having a special 
shape is required for purposes of centrifugal potting. Accordingly, potting should preferably be carried out by a vibration 
method which is scarcely influenced by the size or shape of the structural member. Specifically, a knitted hollow fiber 

55 fabric is inserted into the structural member, which is then filled with a liquid resin. It is to be understood that, in the 
same manner as in the fabrication of conventional hollow f toer membrane modules, the ends of the hollow fiber bundle 
sh ukJ be sealed in rder to prevent the liquid resin from penetrating into th bore of the hollow ftoers. For this purpose, 
liquid resins having a viscosity of about 1 .000 to 2,500 cerrtipoises are most preferred. While the liquid resin still has 
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fluidity, its uniform filling is achieved by applying mechanical vibration to the structural member containing the hollow 
fiber bundle and th liquid resin. Although the vforation frequency is suitably of the order of 500 to 12,000 cycles per 
second, vibrations in the ultrasonic frequency range can also be applied. The details of potting by the vibration method 
are disclosed in Japanese Patent Laid-open No. 114515/91. This potting process permits the liquid resin to be uni- 

5 formly filled into the structural member, thus preventing the separation between the hollow fibers and the cured resin 
(fastening member) and the leakage of filtered fluid in the fastening member. The cutting of the end surface (or the for- 
mation of open ends of the hollow ffoers) after curing the liquid resin may be carried out according to the general 
method for fabricating hollow fiber membrane modules. 

In the filtration of highly polluted liquid by use of hollow ffoer membrane modules, large amounts of SS and organic 

w matter deposit on the membrane surfaces. For this reason, it is necessary to clean the membrane surfaces by separat- 
ing the deposits therefrom with the aid of a water current, air, vibration, ultrasonic waves and the like. Unless the mem- 
brane surfaces are cleaned, the organic matter accumulated on the membrane surfaces causes a blockage of the 
membrane surfaces, resulting in a shortening of the filtering life. Specific cleaning methods include, for example, the so- 
called cross flow filtration method in which water is made to flow in parallel with the membrane surfaces, the method of 

is producing a water current in the module containing tank by means of a pump or motor, the bubbling method utilizing an 
upward flow of air, the method of vibrating the module itself, and the method of vibrating the water to be treated by 
means of ultrasonic waves. The hollow fiber membrane module of the present invention has a form suitable for carrying 
out these membrane surface cleaning methods concurrently with filtration. Accordingly, in using the hollow fiber mem- 
brane module of the present invention, cleaning the membrane surfaces of the hollow f foers is carried out concurrently 

20 with filtration. However, this cleaning may be carried out continuously or intermittently, depending on the rate at which 
the blockage of the membrane surfaces proceeds. 

In using the hollow fber membrane module of the present invention for purposes of filtration, there may be 
employed the so-called pressure filtration method in which the module is placed in a sealed vessel and the water to be 
treated is pressurized to cause water to pass though the hollow f foer membrane. However, it is more suitable to use the 

25 module according to the suction filtration method in which the module is immersed in an activated sludge tank or sedi- 
mentation tank and the inside of the hollow fibers is evacuated to recover the treated water having passed through the 
hollow fiber membrane. 

Generally, a blockage of the membrane surfaces during filtration is monitored by a rise in transmembrane pressure. 
In a module showing a rise in transmembrane pressure, a large amount of clogging matter is accumulated on the mem- 

30 brane surfaces. Accordingly, H is difficult in many cases to restore its filtering function by cleaning operation or the like. 
In the suction filtration method, the measurement of transmembrane pressure for monitoring any blockage of the mem- 
brane surfaces is carried out by measuring the suction pressure with a vacuum gauge installed on the suction side. No 
particular limitation is placed on the suction pressure, which may range from 0 cmHg to vacuum (76 cmHg). However, 
in order to prevent the formation of gas bubbles in the suction line, the suction pressure is preferably 40 cmHg or below. 

35 Moreover, in order to prevent clogging matter from penetrating into the pores of the membrane, the suction pressure is 
preferably 1 0 cmHg or below and more preferably 5 cmHg or below. 

In particular, employment of the so-called intermittent suction operating method in which the suction is interrupted 
at regular intervals makes it possible to effectively prevent the deposits on the membrane surfaces to penetrate into the 
pores of the membrane and thereby reduce the frequency of the treatment required for restoring the function of the hol- 

40 low fiber membrane module. The optimum range of suction intervals in the intermittent suction cannot be clearly defined 
because it depends on the degree of pollution of the water to be treated. By way of example, where activated sludge 
containing water characterized by an MLSS content of about 5.000 ppm. each suction cycle may preferably consists of 
a suction period of 1 to 30 minutes and a pause of 10 seconds to 15 minutes. 

Moreover, where the suction filtration method is employed, it is easy to circulate the water to be treated in the tank 

45 during filtration or dean the membrane surfaces by air bubbling. In particular, air bubbling can exhibit a more powerful 
cleaning effect when combined with the above-described intermittent suction operating method which can effectively 
prevent the deposits on the membrane surfaces to penetrate into the pores of the membrane. 

In order to enhance the cleaning effect on the membrane surfaces of the hollow fibers, the direction of flow of the 
water to be treated by suction filtration should preferably be substantially perpend cular to the direction of alignment of 

so the hollow fibers. 

The hollow fiber membrane modules of the present invention are particularly suitable for use in the filtration of 
highly polluted liquid. Specific fields of application include the filtration of river water, the filtration of tap water for indus- 
trial use, the solid-liquid separation of sewage and waste water, the treatment of waste water (for example, in combined 
water clarification tanks), and the like. 
55 In using the hollow fiber membrane module of the present invention, various methods for restoring its filtering func- 
tion, other than the above-described membrane surface cleaning methods, can be employed concurrently with the fD- 
tration. F r example, back washing can conveniently be carried out in the same manner as for conventional modules. 
Moreover, the method of physically cleaning the membrane surfaces with the aid of sponge balls or the like and the 
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ultrasonic cleaning method can also b efficiently carried ut owing t the unique physical form of the module. 

Although H has been d scribed in connection with the hollow fiber membrane module, which does not fall within the 
scope of the present invention, in which, as illustrated in Fig. 1 , the fastening member is disposed at one side (or one 
end) of the knitted hollow f toer fabric and the hollow fibers are bent into a U-shape, in a hollow ffoer membrane module 
5 according to the present invention, as illustrated in Figs. 4-6, two fastening members and two structural members are 
disposed at two opposite sides of the knitted hollow ffoer fabric. The modules according to Figs. 1-2 and 4-6 can, of 
course, be used in all the same manner. In Figs. 4-6, numeral 9 designates an outlet tor treated water. 

In the embodiment according to the present invention and having two fastening members disposed at two opposite 
sides of a knitted hollow f toer fabric, the warp may be completely removed from the knitted hollow fiber fabric. More spe- 
io erf ically, in the course of fabrication of this hollow fiber membrane module, a knitted hollow fiber fabric is used. However, 
the warp may be embedded in the fastening members when two opposite sides of the fabric are potted, or the warp may 
be cut off together with the discarded parts of the fastening members when the open ends of the hollow fibers are 
formed. (Accordingly, the large number of parallel hollow fibers constituting the filling are disposed in a sheet-like form.) 
The hollow fiber membrane module of the present invention may be provided with movable supporting bars 13 
75 which can be expanded or contracted to alter the distance between the structural members as illustrated in Figs. 5 and 
6. If the degree of relaxation of the hollow fibers is increased at the time of membrane surface cleaning, more effective 
cleaning can be achieved by enhancing the vibrations of the hollow fibers by air bubbling. 

The length of the supporting bars between the fastening members may be such that the hollow fibers are not ten- 
sioned to an undue extent. Usually, the length is maximized within such limits. However, when the membrane surfaces 
20 are cleaned by vibrating the module itself, it may be desirable to reduce the distance between the fastening members 
and thereby relax the hollow fibers, especially in cases where the hollow fibers have cohered together into a mass. 
Thus, the length of the supporting bars may be suitably chosen according to the need. 

The present invention is further illustrated by the following examples and comparative examples. 

25 Comparative Example 1 

A stack of four pieces of knitted fabric made by using a yarn composed of 8 porous polyethylene hollow fibers (com- 
mercially available from Mitsubishi Rayon Co., Ltd. under the trade name of EHF270T; having an inner diameter of 270 
jim and an outer diameter of 380 jim) as the weft was inserted into a housing having a 10 mm x 30 mm aperture. Then, 
30 the portions placed in the aperture were fixed with a urethane resin according to the vibration potting method to fabri- 
cate a hollow fiber membrane module of the construction illustrated in Fig. 1 . Each hollow fiber forming a loop had a 
length of 760 mm and a total effective filtering area of the module was 5 rrr 2 . 

Using this module, the treatment of waste water was carried out in a flow system illustrated in Fig. 7. The hollow 
fiber membrane module was operated under such conditions that the suction pressure was 0.2 kg/cm 2 and each suc- 
35 tion cycle consisted of a 9-minute suction period and a 1 -minute pause. The capacity of the aeration tank was 800 liters, 
the volumetric TOC load was 0.2 kg/m 3 • day, and the MLSS content was about 5,000 ppm. 

The treatment of waste water was continued tor 30 days and changes in the filtering flow rate of the hollow fiber 
membrane module were measured. The results of measurement are shown in Fig. 8. 

40 Comparative Example 2 

A cylindrical module of the construction illustrated in Fig. 9 was fabricated by fixing the ends of porous polyethylene 
hollow fibers (commercially available from Mitsubishi Rayon Co., Ltd. under the trade name of EHF270T; having an 
inner diameter of 270 jim and an outer diameter of 380 urn) with a urethane resin. Each hollow fiber forming a loop had 
45 a length of 760 mm and a total effective filtering area of the module was 5 m 2 . 

The treatment of waste water was carried out in the same manner as in Comparative Example 1 , except that the 
above-described cylindrical module was used. The results of measurement of the filtering flow rate of the hollow fiber 
membrane module are shown in Fig. 10. 

It is evident from a comparison of Figs. 8 and 10 that when used in the filtration of highly polluted water, the hollow 
so fiber membrane module of Fig. 1 can achieve a higher flow rate and a longer useful life than the cylindrical module of 
Fig. 9. 

Comparative Example 3 

55 Porous polyethylene hollow fibers (commercially available from Mitsubishi Rayon Co., Ltd. under the trade name of 
EHF270T; having an inner diameter of 270 \im and an outer diameter of 380 jim) were permanently hydrophilized by 
coating their membran surfaces with a saponification product of an ethylene-vinyl acetate copolymer. These hollow fib- 
ers were used to fabricated a hollow ffoer membrane module similar to that of Comparative Example 1 . Using this mod- 
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ule, a filtratt n test was carried out in a flow system illustrated in Fig. 1 1 . The fluid to b filtered comprised purified water 
having dry yeast suspended therein at a concentration of 200 ppm. 

Pittrati n was carried out under such conditi ns that the LV was 0.01 meter per hour, each suction cycl consisted 
of a 5-minute suction period and a 5-minute pause, and the air bubbling rate was 35 normal liters per minute. 

5 

Comparative Example 4 

Using a module similar to that of Comparative Example 3, filtration was carried out under the same conditions as 
described in Comparative Example 3, except that the air bubbling was omitted. 

10 

Comparative Example 5 

Using a module similar to that of Comparative Example 3. filtration was carried out under the same conditions as 
described in Comparative Example 3. except that the intermittent suction was replaced by continuous suction. 

15 

Example 1 

Using a knitted hollow f ber fabric similar to that of Comparative Example 3, a module of the construction illustrated 
in Fig. 4 was fabricated by fixing the opposite ends of the hollow fibers with a resin. This module had the same effective 
20 membrane area and effective hollow fiber length as that of Comparative Example 3. Using this module, filtration was 
carried out under the same conditions as described in Comparative Example 3. 

. Comparative Example 6 

25 Using a module similar to that of Comparative Example 1 , filtration was carried out under the same conditions as 
described in Comparative Example 3. 

The results obtained in the foregoing Example 1 and Comparative Examples 3-6 are shown in Table 1 . 





Suction pressure imme- 
diately after the start of 
operation (cmHg) 


Suction pressure after 20 
days(cmHg) 


Comparative Example 3 


0.2 


1.0 


Comparative Example 4 


0.2 


15.0 


Comparative Example 5 


0.2 


7.0 


Example 1 


0.1 


0.6 


Comparative Example 6 


0.2 


11.0 



As is evident from Table 1 , stable filtration can be carried out for a longer period of time by fabricating a module of 
permanently hydrophili2ed hollow fibers and operating it with a combination of intermittent suction and air bubbling 
45 cleaning. Moreover, modules having open ends on the opposite sides, i.e. accorcfing to the invention, can be operated 
at lower suction pressures. 

Claims 

so 1 . A hollow fiber membrane module useful in the filtration of water in which the hollow f fcer membrane comprises: 

(a) a textile fabric in which said hollow f ber membranes are weft membranes which are spread in the form of 
a flat sheet; 

(b) two fastening members for fixing the ends of said hollow fibers relatively to each other while leaving said 
55 ends open; said fastening members being disposed at two opposite sides of said textile fabric, said fastening 

members being perpendicular to the hollow fbers and the cross-section of said fastening members perpendic- 
ular t said hollow fibers being shaped like an elongated rectangle; and 

(c) two structural members, one for each of said fastening members, for enclosing and supporting said fasten- 
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ing members; and wherein 

(d) the distanc between said two structural members can be altered. 

2. A hollow fiber membrane module as claimed in Claim 1 wherein said hollow fibers are formed of a permanently 
hydrophilized membrane. 

3. A hollow fiber membrane module as claimed in Claim 1 wherein the short dimension of said rectangle is 30 mm or 
less. 

4. A hollow f toer membrane module as claimed in Claim 1 wherein said textile fabric contains no warp. 

5. A hollow fiber membrane module as claimed in Claim 1 and having means whereby the distance between said two 
structural members can be altered, said means comprising movable supporting bars which are secured to said 
structural members and which can be expanded or contracted to after said distance between said two structural 
members. 

6. A hollow fiber membrane module as claimed in Claim 5 wherein said movable supporting bars secured to one of 
said two structural members overlaps corresponding movable supporting bars secured to the other of said two 
structural members, wherein the overlapping supporting bars can be moved relatively to each other to expand or 
contract the distance between said two fastening members, wherein for a pair of overlapping arms, one arm of said 
pair comprises an elongated slot extending in a direction parallel to the length of that arm and the other arm of said 
pair comprises means slidably engaged in said slot, and wherein said other arm of said pair of overlapping arms 
comprises two spaced apart means slidably engaged in said slot of said one arm. 

7. A filtration method which comprises: 

immersing a hollow f toer membrane module according to Claim 1 in water to be treated; and 

tittering the water by suction from the surface to the inside of said hollow fibers with intermittent or continuous 

cleaning of the membrane surfaces of said hollow fibers. 

8. A filtration method as claimed in Claim 7 wherein the membrane surfaces are cleaned by air bubbling. 

9. A filtration method as claimed in Claim 7 wherein the f Station is carried out by intermittent suction in which the suc- 
tion is interupted at regular intervals. 

10. A filtration method as claimed in Claim 8 wherein the degree of relaxation of the hollow fibers is increased at the 
time of membrane surface cleaning by decreasing the distance between the two structural members and thus 
enhancing the vibration of the hollow fibers by said air bubbling. 

1 1 . A filtration method as claimed in Claim 7 and wherein the membrane surfaces are cleaned by vibrating the module. 

1 2. A filtration method as claimed in Claim 1 1 and wherein the degree of relaxation of the hollow fibers is increased at 
the time of membrane surface cleaning by decreasing the distance between the two structural members. 

13. A filtration method as claimed in Claim 12 in which the hollow fibers to be cleaned have cohered together into a 
mass. 

PatentansprOche 

1. Hohrfasermembranmodul zur Verwendung bei der Filtration von Wasser, wobei die Hohlfasermembran folgendes 
aufweist: 

(a) ein textiles Rachengebilde, in dem die Hohlfasermembranen gewebte Membranen sind, die in Form einer 
flachen Lage ausgebreitet sind; 

(b) zwei Befestigungselemente zum Befestigen der Enden der Hohrfasern bezQglich einander, wdhrend die 
Endenoffengelassenwerden; wobei di Befestigungsel mente an zwei entgegenges tztenSert ndestextilen 
Flachengebildes angeordnet sind, wobei die Befestigungselemente senkrecht zu den Hohrfasern sind. und 
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wobei d r Querschnrtt der Befestigungselemente senkrecht zu d n Hohlfasern wie ein langliches Rechteck 
geformt ist; und 

(c) zwei Bau lemente, eines fur jedes der Befestigungselemente, zum UmschlieBen und StOtzen der Befesti- 
5 gungselemerrte; und wobei 

(d) der Abstand zwischen den bekJen Bauelementen verandert werden kann. 

2. Hohifasermembranmodul nach Anspruch 1 , wobei die Hohtfasern aus einer dauerhaft wasseranziehend gemach- 
10 ten Membran gebildet sind. 

3. Hohlfasermembranmodul nach Anspruch 1, wobei die kurze Abmessung des Rechtecks 30 mm Oder weniger 
betragt. 

is 4. Hohlfasermembranmodul nach Anspruch 1 , wobei das textile R&chengebikte keine Kette errthart 

5. Hohlfasermembranmodul nach Anspruch 1, ferner mit einer Einrichtung. rnit welcher der Abstand zwischen den 
beiden Bauelementen verflndert werden kann, wobei die Einrichtung bewegliche Stutzstangen aufweist die an die 
Bauelemente befestigt sind und die zur Veranderung des Abstands zwischen den beiden Bauelementen ausge- 

20 dehnt Oder zusammengezogen werden kOrmen. 

6. Hohlfasermembranmodul nach Anspruch 5. wobei die beweglichen Stutzstangen. die an eines der beiden Bauele- 
mente befestigt sind, die entsprechenden beweglichen Stutzstangen, die an das andere der beiden Bauelemente 
angebracht sind. uberlappen, wobei die Qberlappenden Stutzstangen bezOglich einander zum Ausdehnen Oder 

25 Zusammenziehen des Abstands zwischen den beiden Befestigungselementen bewegt werden kOnnen. wobei fur 
ein Paar Qberlappender Arme ein Arm des Paares einen langlichen Schlitz aufweist. der sich in einer Richtung par- 
allel zu der Lange dieses Arms erstreckt, und der andere Arm des Paares eine Einrichtung aufweist. die gleitbar in 
dem Schlitz in Eingriff ist, und wobei der andere Arm des Paares von Qberlappenden Armen zwei voneinander 
beabstandete Einrichtungen aufweist die gleitbar in dem Schlitz des eines Armes in Eingriff sind. 

30 

7. Filtrationsverfahren mitfolgenden Schritten: 

Eintauchen eines HohKasermembranmoduls nach Anspruch 1 in zu behandelndem Wasser; und 

35 Filtern des Wassers durch Saugen von der Oberf [ache zum Inneren der Hohlfasern mit einer intermittierenden 

oder fbrtlaufenden Reinigung der Membranoberflachen der HohKasern. 

8. Rltrationsverfahren nach Anspruch 7, wobei die Membranoberflachen durch Einleitung von Luftblasen gereinigt 
werden. 

40 

9. Rltrationsverfahren nach Anspruch 7. wobei die nitration durch intermittierendes Saugen durchgefOhrt wind, wobei 
das Saugen in regelmdBigen Abst&nden unterbrochen wird. 

10. Rltrationsverfahren nach Anspruch 8, wobei das AusmaB der Entspannung der Hohtfasern zu dem Zertpunkt, zu 
45 dem die Membranoberf lache gereinigt wird. vergrOBert wird, indem der Abstand zwischen den beiden Bauelemen- 
ten verringert wird, und somrt die Schwingung der Hohlfasern durch das Einleiten von Luftblasen verstarkt wird. 

1 1 . Rltrationsverfahren nach Anspruch 7. wobei die Membranoberflachen durch Schwingen des Moduls gereinigt wer- 
den. 

so 

12. Rltrationsverfahren nach Anspruch 11. wobei das AusmaB der Entspannung der Hohlfasern zu dem Zertpunkt, zu 
dem die Membranoberf lache gereinigt wird. vergrOBert wird, indem der Abstand zwischen den beiden Bauelemen- 
ten verringert wird. 

55 13. Rltrationsverfahren nach Anspruch 12, bei dem die Hohlfasern, die zu reinigen sind, in einen Haufen aneinander 
geWebt sind. 
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Revendlcatlons 

1 . Module de membranes a fibres creuses utilise pour la filtration de I'eau, comprenant : 

(a) une toile en tissu dans laquelle lesdites m mbranes a fibres sont des membranes tramees disposees selon 
une feuille plate; 

(b) deux organ es de fixation pour attacher les extremites desdrtes f tores creuses entre elles tout en maintenant 
lesdites extremites ouvertes. lesdits organes de fixation etant places a deux extremites opposees de ladite 
toile en tissu, lesdits organes de fixation etant perpendiculaires aux fibres creuses, et la section transversale 
desdits organes de fixation perpendiculaires auxdites fibres creuses ayant la forme d'un rectangle allonge; et 

(c) deux organes de structure, un pour chaque disposrtH de fixation, permettant de proteger et de soutenir les- 
dits organes de fixation; et dans lequel 

(d) la distance entre lesdits deux organes de structure peur etre modif iee. 

2. Module de membranes a fibres creuses selon la revendication 1 , dans lequel lesdites f tores creuses consistent en 
une membrane hydrophilisee de maniere permanente. 

3. Module de membranes a f tores creuses selon la revendication 1, dans lequel la largeur dudit rectangle est d'au 
plus 30 mm. 

4. Module de membranes a fibres creuses selon la revendication 1 , dans lequel ladite toile en tissu ne comporte pas 
de chaine. 

5. Module de membranes a fibres creuses seion la revendication 1 , comprenant des moyens permettant de modifier 
la distance entre lesdits deux organes de structure, lesdrts moyens comprenant des barres de soutien mobiles 
fixees auxdits organes de structure, lesdites barres de soutien pouvant etre allongees ou raocourcies afin de modi- 
fier ladite distance entre lesdits deux organes de structure. 

6. Module de membranes a fibres creuses selon la revendication 5, caracterise en ce que lesdites barres de soutien 
mobiles fixees a Tun desdits deux organes de structure se superposent a des barres de soutien mobiles corres- 
pondantes fixees a I'autre element de structure, dans lequel les barres de soutien superposees peuvent se mou- 
voir les unes par rapport aux autres de maniere a allonger ou a raccourcir la distance entre lesdits deux organes 
de fixation, en ce que pour une paire dortnee de bras superposes, Tun des bras de ladite paire comporte un rainure 
allongee selon une direction parallele a la longueur de ce bras, et I'autre bras comporte des moyens pouvant glis- 
ser dans ladite rainure, et dans lequel (edit autre bras de ladite paire de bras superposes comporte deux moyens 
espaces pouvant glisser dans ladite rainure dudit bras 

7. Procede de filtration, suivant lequel on immerge un module de membranes a f tores creuses selon la revendication 
1 dans I'eau devant etre traitee, et on f iltre i'eau par aspiration de la surface vers I'interieur desrftes fibres creuses, 
en nettoyant de maniere intermrtterrte ou continue les surfaces de membranes desdites fibres creuses. 

8. Procede de filtration selon la revendication 7. suivant lequel les surfaces des membranes sont nettoyees par 
bouillonnement de bulles d'air. 

9. Procede de filtration selon la revendication 7, suivant lequel on realise la filtration par aspiration interrnittente, 
rinterruption de Inspiration se produisant a intervalles de temps reguliers. 

1 0. Procede de filtration selon la revendication 8, suivant lequel on augmente le degre de relachement des f tores creu- 
ses au moment du nettoyage des surfaces des membranes en diminuant la distance entre les deux organes de 
structure, ce qui a pour effet d'accrottre la vibration des fbres creuses sous I'effet dudit bouillonnement de bulles 
d'air. 

11. Procede de filtration selon la revendication 7, suivant lequel les surfaces des membranes sont nettoyees sous 
I'effet de la vibration du module. 

12. Procede de filtration selon la revendication 11, suivant lequel on augmente le degre de relachement des fibres 
creus s au moment du nettoyage des surfaces des membranes en diminuant la distance entr les deux organes 
de structure. 
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13. Proc6d6 de filtration suivant la revendication 12, survant lequel les fibres creuses & nettoyer ont 6t6 acco!6es en 
masse. 
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Fig. k 
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